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Steady flow past a rotating circular cylinder 
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Fig. 6. The effect of rotation on the distribution of the 
surface vorticity with Re = 100. 
that the surface vorticity with the two mesh sizes are graphically very similar for ~ ~< 1. Figures 5 
and 6 show the effect of  rotation on the distribution of  surface vorticity for 0 ~< 0t ~< 1 and with 
Re = 60 and 100, respectively. In Fig. 6, at ~ = 0, the results presented here are graphically 
indistinguishable from those given by Dennis and Chang [9] and Fornberg [6]. It is seen that 
the peak values of  the vorticity on the upper surface (0 < 0 < 7t) and lower surface (n < 0 < 2n) 
of  the cylinder increases slightly with increasing ~ for both Re = 60 and 100. Badr et al. [16] 
reached the same conclusion in the case of  Re = 20 but Ingham [18] gave an opposing view for 
the upper surface. 
It is seen from eqns (32) that greatest contribution to the lift coefficient is given by the 
pressure forces CLp, approximately 91% for Re = 60 and 92% for Re = 100. The results of  Ref. 
[23] suggest that the contribution of  CLp to CL is about 80% at Re = 5 and 87% at Re = 20. 
It is interesting to note that the contribution of the pressure force to the lift force increases as 
the Reynolds number increases, although the rate of increase becomes smaller as ~t increases. This 
is in good agreement with the results given by Lyul'ka [15] who investigated the low Reynolds 
number cases of  Re = 2, 10, 15 and 20. Further, it is observed that the values of  CDp and CD 
decrease as ~ increases for both values of  Re considered in this work whereas the contrary is true 
for COF. 
Since in a viscous fluid a large part of  the lift force is due to the pressure force, it is interesting 
to consider the contribution of  the pressure on the surface of  the cylinder. Figures 7 and 8 show 
the variation of  the dimensionless pressure coefficient 
P(O) = [P*(I,  0) - P*(1,  rO]/(1/2pU2), (33) 
over the surface of  the cylinder for Re = 60 and 100 with 0 ~< ~ ~< 1, respectively, where P* is the 
dimensional pressure on the cylinder. The non-dimensional 0 component of  the Navier-Stokes 
equations on the cylinder reduces to 
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